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CULTURING OF SOME PATHOGENIC RICKETTSIA
ON ACeLLULAR SEMISYNTHETIC NUTRITIVE MEDIUM

L?o]lowing is the translation of an article by

A. V. Fshenichnov, et. al. in the Russian-language
Journal Zhurnal Mikrobiclogii, Epidemiologii i
Immunobiolcgii (Journal of Microbiology, Epidemi-
iology and Immunobiology), No 3, 1964, pages 3-7./

Pernm Institute of Vaccines
and Sera and the Perm Medical Institute

(Received by editor 1 July 1963)

In microbiology the opinion has long been held that -
all pathogenic human rickettsia, as well as filterable viruses,
are biotropes, which can live and develop only in live or
surviving zells and tissues. Hence, the dictum of O'Dyurua
"Without life there is no life of virus" has bacome an axiom.

However, it is known that viruses and rickettsia by
their nature are far from uniform: some approach bacteria
in certain properties, while others are strictly intracellular
parasites. It has been shown in our laboratories that the
causative agents of the Rickettsia quintana and paroxysmal _
Rickettsia in the carrier organism can be detected both extra-
as well as intracellularly. It is difficult to conceive of
how enormous an accumulation of Rickettsia prowazeki in the
intesiines could be achieved only through intracellular devels
opment without the participation of cellular and hematic detri-
tus. Therefore our attempts to cultivate the most plastic
Rickettsia quintana on nutrient media of complex composition |
were wholly logicsl.

At the first stage of formulating such a nutrient medium
through numercus observations all the subatances were first
found and then selscted which promoted the most 2xtended survie
val of Rickettsia. Investigcation showed that it is useful to
formulate a medium of three components: . uman blood, chicken
yolk and milk (the KZhM /kurinyy zheltok moloko/ medium).
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B8y chanrinrt the doses of components in the medium, its pH,
the conditicons of aeration, etc., we ultimately succeeded
not only in achieving prolonged survival of Rickettsia, but
also their multiplication (Petrova, 1957; Pshenichnov, 1957,
1959; Fshenichnov and Plaksina, 196%). In this way the
problem of the possibility of growing human pathogenic Rick-
ettsia on nutrient media of complex composition was funda-
mentally solved.

However, initially we could not =#et stable results .nd
culture ~rowth was observed only in %.7 per cent of the seedings.

The results of chromatorraphic study of medium compo-
sition pointed to the instabilitv of the formulation of its
component:, the absence in definite amounts of such amino acids
as glycine, norleucine, oxvgroline, hvdroxyproline, and the
presence in the medium of lupile fractions, some of which had
become decomposed at the time of Rickettsia multiplication.
f“rom t"is point we beran 'o add the followinr enriching
vvents to the medium: 1) 1-5 por cont v~ -t dialysate or
"manifestor", the filtrate o7 n "“-cay culture of Bac. mesen-
tericus vulearis; ?) » comulex of vitamins A, Bl' Bl y and C
in ithe form of an aqueous solution on the basi: of 0.501 me
of vitamin A, 0.2 mg of vitumin B and 7, usnd 1.5 micrograms
of vitamin B per 4 ml of nutrient mediun; the vitamins were
ad.fed on the 7th and 1l4th day of culturing; 3) 10-20 per cent
synthetic medium No 199; 4) a ten pc. cent aqueous extract of
tissues of susceptible animals (guinea pis, white mouse) and
boiy lice; 5) 5 per cent amniotic fluid of bovine embryo.

To inactivate the native inhibitors preliminary freezing
and thawing of the medium was carried cut and hemolyzed blood
was used.

Many observations (more than 3000 seedin¢s) showed that
veast diulysate, "manifestor” and agueous extract of insect
tissues hud no favorable effect on W' ‘kettsia srowth.

Amniotic fluid of bovine embryo retarded virus growth.
Addition of vitamins and extract of suinea pig. orrans promoted
Rickettsia adaptation to some extent. But especially favorable
results were achieved by the addition of 1U-”0 per cent medium !
No 199. Not only was the content of aminc acids, salts, and
rrowth stimulators already existine in ‘he medium increased,
but there ~as also added such amino acids as norleucine, oxy-
proline, hydroxyproline which in definite éamounts in the pre- i
vious versions of the medium as a rule were not present. In ;
the sresence of medium No 1999 the Rickettsia culture was held ;
quite constant and virus accumulation was more abundant.
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It is possible throurh further experiments to establish
that pH 7.2-7.25 is the most favorable for Rickettsia rrowth.

Considerable improvement was seen in the results of
Rickettsia culturing in which the method of rotating test
tubes was used, We placed culture-containing test tubes ip
the DAG-1 apparatus, in which the rotation was 12 revolu-
tions per hour. Apparently, the growing Rickettsia colony
suddenly released into the surrounding environment products
of metabolism and autolysis, and thus established around it
a zone obstructing processes of assimilation. Rotation of
the test tubes led to a constant mixing of the medium and
in this way assured the steady access of fresh nutrient
substances required for normal life activity of Rickettsia.

Further observations established that the causative
agentsof trench fever are facultative anaerobes.

This modification of the medium (containing 10-20%
of nedium No. 199, and sometimes a complex of vitamins and
extract of guinea pig tissue), and also its constant mix-
ing in test tubes and culturing with access to air contained
in the test tube assured wholly satisfactory results. Thus,
in the medium of initial composition Rickettsia growth was
obtained only in 5.7% the seedings, while growth was
noted in 60% of the cases using the medium modification
described, and in some experiments -- in 90%.

A definite gradation in virus development on arti-
ficial nutrient medium was established. After small Rickettsia
doses were placed in the test tubes colored preparations in
the medium were detected in by no means each field of view.
During the first week they appeared to disappear entirely.

In all probability their adaptation to the medium took

place. Then the phase of logarithmic growth set in, and by
the second to third week distinctive microcolonies appeared
in the medium, cunsisting of clusters of large or small
numbers of Rickettsia (Figure 1). During this period their
number mounted to 250,000,000 - 400,000,000 per ml of medium.

Subsequently, the virus concentration was reduced
and by the 30th - 40th day viable Rickettsia could not be
detected in the cultures. Adaptation of Rickettsia promotes
their better growth and accumulation in the medium.

It must be noted that the causative agents of trench
fever were especially successfully cultivated in the medium
during the spring-summer; during autumn and winter when
cultured in a medium prepared exactingly to the same foramula-
tion, unstable results were obtained. This is best accounted
for by the effect of the season of the year 7n the quali-
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tative content of amino acids, trace elements, vitamins,
and other growth factors in the original ingredients of the
medium (Grebhennikov et al., 1963; Kugenev and Medvedeva,
1962; Lebedeva, 1963). However, although it was possible
carefully to culture Rickettsia during the spring-summer
period, adapted strains can be maintained in the medium

all year long.

Strains of trench fever Rickettsia adapted to the
liquid nutrient medium were grown on a variant of the medium
thickened with agar. Rickettsia colonies were small, up
to 1-1.5 mm in diameter, gray, with a slightly coarse sur-
face (Figure 2). The colonies appeared Lo interlock in
the medium and with difficulty were separated from its
surface,

In addition to trench fever Rickettsia experiments
on cultivation in the modified medium wrre carried out with
the causative agent of paroxysmal Rickettsia (the Marta
strain). It was found that this species of Rickettsia
can also be cultivated on an artificial medium.

This data allowed us to assert that reproduction
of these pathogenic Rjckettsia is possible on synthetic
nutrient medium, apart from living cells. This was con-
firmed by the following facts. First of all, when the
preparations from the nutrient medium were examined under
a microscope, the cells on which virus development was to
have been expected, were extremely rare ind unquestionably
could not have provided for abundant accumulation of
Rickettsia. Secondly, during the period of maxima)l Rickettsia
growth, that is, by the first-gsecond week the shaped elements
of the medium were converted into detritus. Thirdly, the
growth of Rickettsia was obtained also on variants of the
medium, in which the cells had been previously degraded
through repeated freezing and thawing or removed by centrie-
fuging. Based on these observations it can apparently by
suggested that causative agents of trench fever, and also
paroxysmal Rickettsia are facultative biotropes since their
biosynthesis is achieved not only in the live organism, but
also in conditions of extracellular nutrient medium,

The method of culturing on a nutrient medium not
only improvea prospects for preparing different bioprepara-
tions, but it will alsoc promote the study of Rickettsia
physiology. Thus, even in the firast of our observations
it was noted that in the development of Rickettsia the
amino acid composition of the medium changes: 4in it the
content of such free aminc acida as histidine, lysinc .




Fiegure 1. liickettsia quintana in
liquid nutrient medium or 21st day
of growth. Staining after (omanov-
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Figure 2. Colonies of Rjckettsia
guintana on & solid nutrient
medium, 7® day of growth. Stain-
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liickettsia prowazeki (strain E) in

liquid nutrient medium, 21st day of growth.
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alanine, arkininn; tyrosine, and isoleucinc is reduced; at the same
tine i1 several cases, a new amino acid was found to apprar in thoe
cuitures == tryptophan, Experinents i this arca are continuin,;.

The roothod we suggested for ctudyin:: metabolicm has appreciavle
aivipiLa, s over the method of Bovarnich end lneider (1960), who studis !
motavolism in Mckettsia under conditions of short-term survival, and uol
dusing, the process of development. Having obteined successful results
i caising two species of ickettsia, we procceded to experiments on
culturing the causative agent of typhus, which is usually localizcd int:a=-
~¢llularly in the organism of the carcicvr. ['rom a lacge number of ex-
porinents, we performed it was possible to record survival and souic ac-
rrmlation of Rickettsia prowazeki in gynthictic medium only in individual
~anes.  For instance, in three successive passages on the original variant
5 the medium we (together with Noskova) succeeded in detecting itickettsia
i1, omall amount by tho 14™=28" day following inoculation, although we di!
nut succeed in reinforcing the virus culture in subsequent passages.

In recent years Bovarnick and Schneider (1960), Bovarnik and
:ille.s (1950), Zubok (1960) et al, have shown that Rickettsia prowazeki
and muzer exhibit distinctive enzymatic systems. In particular, they
o serine from glycine and formaldehyde, incorporate a definite amount
of C'4-laheled amino acids, ectc., that is, capable of a degree of inde-
punidrnt synthesis.

Ve carricd out the last experiment with a modificd variant of the
fwoiiws.  Typhus vaceine drain E was used for the inoculation, as the most
nlastic and readily growing drain in chicl: embryos. Into the medium wasg
placed 0.1 ml of chick embryo yolk sac with abundent virus content, which
upon passage was rcceded to the extent of 0.2-0.5 ml of a 25-day Ricket-
taia culture in 4-5 ml of fresh nutrient mecdium. The control over
development of viruc in the medium was carried out by the following
soth.ods: by microscopic cxamination of stained preparations from the
mcdiun on the 7%, 14™, and 21st day following inoculation, symptoms of
the virus in body- lice by the cpidermomembranc method, by immunological
shift in the sera of guinca pigs on the 215t day following intraparenteral
adninistration of passage material, and by the oveculture.

In our cxperiments, we succeeded in sustaining Rickettsia prowazeki
for abcut a ycar on the nutrient medium. During this time the eleven
passacses were performed. Evidently, this period is not elimiting one
(culturing was discontinued for technical reasons). During the entire
experiment llickettsia was detected by microscope (from individual
orpanisms to clusters) in the nutrient medium, and so sensitive a bio-
logical reagent as body louse was detccted; immunological shifts were
brought about in pfuinea pigs (up to 1:8 -~ 1: 128) and by the fifth
nansage the specific death of chick c.bryos was induced.
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The virus content in the medium in different passages was
dissimilar: during the firec passages it was high, then the
Rickettsia concentration fell off. At the end of the experiment,
that is, in 7-8 months, the amount of Rickettsia in the mecdium
began to incrcasc again: the percentage of smears containing virus
rose 24~305, 2=5 9% of the insects were infected upon single feeding
through membrane, administration of the material lecd to the appearance
in the guinca pig serum of complement-fixing antibodies to Ricketisia
prowazcki in a titer up to 1:32 and only for unknown reasons was it
impossible to detect the virus in chick embryos.,

Two sugpestions are possible: cither mechanical transfer of
itickettsia from one test tube to another took place upon passage, or
we actually obscrved adaptation and development of the virus in new
habitats unfamiliar tc it.

Upholding the f{irst assumption is the fact that the original
seceding naterial underwent dilution at least to 25 million-fold. In
addition, it is known that typhus Rickettsia in gcneral are poorly
stable and cannot be preserved under thermostat conditions. The
dynamics of virus behavior in a medium, the increase in Rickettsia
concentration upon passage, and formation of microcolonies (Figure 3)
testified to its gradual adaptation and development.

Therefore, it can be assumed that typhus Rickettsia are also
not absolute biotropes, that they can adapt to some extent to conditions
of lifc apart from live or surviving cells, if a medium containing all
the complex array of nutrients nceded for their life activity is chosen.
It is possible that further advances in bicchemistry will permit the
synthesis and provide the laboratory with such nutrient media in which
biosynthesis and reproduction of pathogenic Rickettsia will be casily
achiceved even without live or surviving cells.

Concluaéons

V’

1.. .1t has been established that trench fever Rickettsia and
paroxysmal Rickettsia cén-be successfully cultivated in liquid and in
solid variants of a complex polysynthetic noncellular nutrient medium.

27 It was shown for the first time that strain E of typhus
itickettsia not only survived for an extended time, but adapted to
gome extent and multiplied in a synthetic noncellular nutrient medium.

3. Thic date refuted the opinion that all pathogenic
Rickettsia are strict biotropes, the life and development of which
proceed only in living and surviving cells, and unfolds the prospects
for improvement in methods ot culturing Rickettsia enl in preparing
the corresponding biopreparations.
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